Introduction {#sec1}
============

The anterior and posterior meniscus roots anchor the medial and lateral menisci to the tibial plateau, allowing the menisci to disperse axial loads into hoop stresses.[@bib1]^,^[@bib2] Medial meniscus posterior root tear (MMPRT) is defined as an avulsion injury or radial tear occurring in the posterior bony attachment.[@bib3] Detachment of the posterior root completely disrupts the continuity of the circumferential fibers, leading to loss of hoop tension, loss of load-sharing ability, and unacceptably high peak pressures. It has been shown that a MMPRT has the same consequences as total meniscectomy, and that the resulting pathological loads lead to degenerative arthritis.[@bib4], [@bib5], [@bib6]

The shift toward meniscal preservation in cases with meniscal root tears has led to the development of various techniques.[@bib7] The transtibial pullout repair technique for MMPRT strives to restore meniscal function, and has been biomechanically validated to restore tibiofemoral joint contact mechanics.[@bib8]^,^[@bib9] Fixation of a MMPRT can restore meniscal hoop tension and slow the progression of arthritis.[@bib10], [@bib11], [@bib12]

In knees with MMPRT, there is a consistent magnetic resonance imaging (MRI) finding of extrusion of a greater proportion of the meniscus than its width at the central tibial plateau.[@bib13] Additionally, it has been shown that greater meniscal extrusion is a significant predictor of the progression of arthritic changes in osteoarthritic knees.[@bib14] This suggests that the elimination or reduction of meniscal extrusion indicates that the MMPRT has been successfully repaired, and that the chance of subsequent degenerative arthritis will be reduced. However, few reports have investigated the correlation between meniscal extrusion and the quality of the outcome of MMPRT fixation.[@bib10]

The current study aimed to determine the correlation between meniscal extrusion in the coronal plane with clinical and radiological outcomes at a minimum of 1 year after transtibial pullout fixation for MMPRT.

Materials and methods {#sec2}
=====================

All patients who underwent arthroscopic root fixation by the transtibial pullout technique for a MMPRT between 2011 and January 2015 and had been followed up for more than 1 year were enrolled. MMPRT was defined as a complete radial tear within 10 mm of the posterior bony attachment of the medial meniscus. There was no history of injury in all cases. The presence of two or more of the following signs on preoperative 1.5-T MRI (ECHELON, Hitachi Medical Systems, Tokyo, Japan) was considered as confirmation of a MMPRT: the absence of an identifiable meniscus or a high signal that replaced the normal dark meniscal signal in the sagittal view, a vertical linear defect at the meniscal root on the coronal view, or a radial linear defect at the posterior insertion on the axial view.[@bib15] The exclusion criteria were: (1) partial meniscectomy, (2) osteotomy or a Kellgren-Lawrence (K-L) grade of 2 or more, (3) concomitant ligament injury, and (4) a follow-up period of less than 1 year. The final study population included five males and 25 females. The mean patient age was 60.7 ± 8.3 years. The average time period between injury and surgery was 3.8 months (range, 0.5--15 months). The current study was approved by the institutional review board of Zensyukai Hospital (approval no. 2019010902).

Radiographic assessment {#sec2.1}
-----------------------

Anteroposterior weight-bearing radiographs of the knee were acquired with each patient in standing position with the knee fully extended. Knee radiographs were read using the K-L scale by a single experienced orthopedist who was blinded to each patient's clinical status. The global radiographic severity of osteoarthritic changes was assessed using the K-L system as grade 0 (normal with no osteophytes), grade 1 (possible osteophytes), grade 2 (definite osteophytes and possible joint space narrowing), grade 3 (moderate/multiple osteophytes and definite joint space narrowing, some sclerosis, and possible attrition), or grade 4 (large osteophytes, marked joint space narrowing, severe sclerosis, and definite attrition).[@bib16]^,^[@bib17] The femorotibial angle (FTA) was also measured.

Magnetic resonance imaging assessment {#sec2.2}
-------------------------------------

Medial meniscus radial displacement (MRD) (in mm) was defined as the amount of meniscal displacement from the superomedial aspect of the tibial plateau to the periphery of the meniscal body at the level of the medial collateral ligament in the coronal plane.[@bib18] Meniscal extrusion was assessed on MRI preoperatively, and reassessed on follow-up MRI performed 3 months and 1 year after fixation ([Fig. 1](#fig1){ref-type="fig"}).Fig. 1Magnetic resonance image of the knee at the level of the medial collateral ligament in the coronal plane.The ends of the sutures were then pulled through the tibial tunnel, followed by reduction and stabilization of the meniscus. The suture ends were tied over DSP placed on the anteromedial cortex of the proximal tibia, with 30N of traction applied.Fig. 1

Surgical procedure {#sec2.3}
------------------

A Knee Scorpion (Arthrex, Naples, Florida) was loaded with 2--0 FiberWire® (Arthrex, Naples, Florida). The tip of the Knee Scorpion was inserted vertically at a location 3--5 mm medial to the torn edge of the detached portion of the meniscus. The 2-0 FiberWire was advanced through the meniscus, forming a simple cinch-loop suture.[@bib19]^,^[@bib20] The same technique was used to place one or two more strands positioned 3--5 mm apart. A tibial tunnel was then created using an anterior cruciate ligament reconstruction tibial tunnel guide (Smith & Nephew Endoscopy, Andover, Massachusetts) with its tip in contact with the insertion site of the posterior root of the medial meniscus. The ends of the sutures were then pulled through the tibial tunnel, and the meniscus was reduced and stabilized ([Fig. 2](#fig2){ref-type="fig"}). The suture ends were tied over DSP (Smith & Nephew Endoscopy, Andover, Massachusetts) that had been placed on the anteromedial cortex of the proximal tibia, with 30 N of traction applied ([Fig. 3](#fig3){ref-type="fig"}).Fig. 2Intraoperative photograph showing the displacement of the medial meniscus.The medial radial displacement was defined as the amount of meniscal displacement from the superomedial aspect of the tibial plateau to the periphery of the meniscal body at the level of the medial collateral ligament in the coronal plane.Fig.2Fig. 3Anteroposterior radiograph of the knee after transtibial pullout fixation of a medial meniscus posterior root tear.The 2-0 FiberWire was advanced through the meniscus, forming a simple cinch-loop suture.Fig. 3

Postoperative rehabilitation {#sec2.4}
----------------------------

After surgery, an extension brace was applied. Patients were restricted to limited flexion and non-weight-bearing movements for 4 weeks postoperatively. The patients were then permitted to perform weight-bearing movements, as tolerated, and commenced physical therapy.

Postoperative evaluation {#sec2.5}
------------------------

All patients underwent a clinical examination at 1 year postoperatively (range, 11.7--13.8 months). The Lysholm score and the Tegner activity score were determined.[@bib21]

### Intraoperative evaluation {#sec2.5.1}

The presence of concomitant cartilage injury of the medial femoral condyle and medial tibial plateau was evaluated using the International Cartilage Research Society grade.[@bib22] The number of sutures at the medial meniscus was also evaluated.

### Statistical analysis {#sec2.5.2}

The patients were categorized into two groups based on whether the amount of meniscal extrusion on follow-up MRI was decreased (group A) or increased (group B) compared with preoperatively. The differences between groups A and B were evaluated using the Mann-Whitney test to compare continuous variables and other numerical values. The chi-squared test was used to compare categorical data. The Wilcoxon signed-rank test was used to compare the preoperative results with the final results within each group. All statistical analyses were conducted using the IBM SPSS Statistics 22 software program (IBM Japan, Ltd., Tokyo, Japan), and the critical value for significance was set at p \< 0.05.

The intraobserver agreements were analyzed using kappa statistics. The intraobserver intraclass correlation coefficient (ICC) was 0.929 (p \< 0.001) for the measurement of the MRD.

Results {#sec3}
=======

The characteristics of the patients are presented in [Table 1](#tbl1){ref-type="table"}. Compared with group B, group A had a significantly greater proportion of males (p \< 0.001), and a significantly greater preoperative MRD (p \< 0.001). There were no significant differences between the two groups in the preoperative TAS. There were no significant differences between the two groups in the intraoperative findings ([Table 2](#tbl2){ref-type="table"}) or postoperative clinical and radiological outcomes ([Table 3](#tbl3){ref-type="table"}).Table 1Preoperative demographics, clinical findings, and radiological findings.Table 1Group A (n = 7)Group B (n = 23)p valueSex (male/female)4/31/220.001Age (years)59.3 ± 7.961.5 ± 8.50.54BMI (kg/m^2^)26.7 ± 3.525.2 ± 3.60.32TBIS (months)3.5 ± 1.54.0 ± 3.20.63Preoperative TAS3.1 ± 1.83.1 ± 1.20.62Preoperative Lysholm score51.2 ± 22.248.8 ± 19.80.81Preoperative K-L grade (0/1/2)5/2/08/15/00.19Preoperative FTA (degree)177.9 ± 2.3177.8 ± 2.10.94Preoperative MRD (mm)4.8 ± 1.03.6 ± 0.80.003[^1]Table 2Intraoperative findings.Table 2Group A (n = 7)Group B (n = 23)p valueMFC cartilage injury,\
ICRS grade 0/1/2/31/2/3/11/7/11/40.84MTP cartilage injury,\
ICRS grade0/1/2/32/2/3/02/12/9/00.33Number of sutures at the medial meniscus1.1 ± 0.41.3 ± 0.50.53[^2]Table 3Postoperative clinical and radiological outcomes.Table 3Group A (n = 7)Group B (n = 23)p valuePostoperative TAS3.3 ± 1.83.0 ± 1.20.33Postoperative Lysholm score81.8 ± 21.784.6 ± 15.20.73Postoperative K-L grade (0/1/2)5/1/16/5/120.08Postoperative FTA178.0 ± 1.7178.6 ± 2.10.73Postoperative MRD at 3 month (mm)3.9 ± 1.14.4 ± 1.20.39Postoperative MRD (mm)4.3 ± 1.35.3 ± 5.30.09[^3]

The postoperative Lysholm score was significantly improved compared with the preoperative Lysholm score in both group A and group B (p \< 0.001). Although the postoperative K-L grade was significantly worse than the preoperative K-L grade in group B (p \< 0.001), the K-L grade did not worsen postoperatively in group A ([Table 4](#tbl4){ref-type="table"}).Table 4Pre-versus postoperative clinical and radiological outcomes within each group.Table 4Group A (n = 7)Group B (n = 23)PreoperativePostoperativep valuePreoperativePostoperativep valueTAS3.1 ± 1.83.3 ± 1.80.363.1 ± 1.23.0 ± 1.20.33Lysholm score51.2 ± 22.281.8 ± 21.70.00148.8 ± 19.884.6 ± 15.20.001K-L grade (0/1/2)5/2/05/1/10.38/15/06/5/120.001MRD (mm)4.8 ± 1.04.3 ± 1.30.093.6 ± 0.85.3 ± 5.30.001[^4]

Discussion {#sec4}
==========

The major finding of the present study was that the postoperative K-L grade did not worsen in the group with decreased meniscal extrusion at 1 year after transtibial pullout fixation for MMPRT.

Chung et al.[@bib10] evaluated pullout fixation of MMPRT and reported that patients with decreased meniscal extrusion at 1 year postoperatively have more favorable clinical scores at midterm follow-up than those with increased meniscal extrusion at 1 year postoperatively. In the present study, the Lysholm score and the Tegner activity score did not significantly differ between the two groups. However, within each group, the postoperative Lysholm score was significantly improved compared with the preoperative Lysholm score.

There are a few reports of radiographic outcome after transtibial pullout fixation for MMPRT. Chung et al.[@bib10] showed that patients with decreased meniscal extrusion at 1 year postoperatively have more favorable radiographic findings (K-L grade) than those with increased meniscal extrusion at 1 year postoperatively. In contrast, the present study showed that the radiographic findings did not significantly differ between the two groups. However, the postoperative K-L grade was significantly worse than the preoperative K-L grade in the group with increased meniscal extrusion at 1 year postoperatively.

Greater meniscal extrusion is reportedly a significant predictor of the progression of arthritic changes in osteoarthritic knees.[@bib14] In the present study, the postoperative K-L grade was not worse than the preoperative K-L grade in the group with decreased meniscal extrusion at 1 year postoperatively. It has been suggested that the progression of arthritic changes can be prevented by preventing meniscal extrusion via the performance of transtibial pullout fixation for MMPRT.[@bib10] However, meniscal extrusion had progressed at 1 year postoperatively in 76% of the present cases. In the future, it may be necessary to improve the transtibial pullout fixation procedure by performing techniques such as supplementary suturing.[@bib23]

The current study had several limitations that should be considered when interpreting the results. First, with respect to the items for which no significant differences were detected, it is possible that such differences were not detected statistically due to low power. Second, the follow-up period was 1 year. Future studies should also include more patients and a longer follow-up period. Third, it was a nonrandomized retrospective study. Forth, we only measured the meniscal displacement at the level of the medial collateral ligament. Fifth, the actual restoration of hoop tension and the healing status of the fixed root were not assessed, as second-look arthroscopy was not performed. Sixth, MRI was not performed immediately after surgical repair. Therefore, we could not evaluate whether the meniscus had been completely reduced. Seventh, the average age of patients in our study was already 60, it might have been acceptable to select other treatment methods such as total knee replacement.

Conclusion {#sec5}
==========

The pullout technique produces favorable outcomes in the treatment of MMPRT, regardless of the resultant meniscal extrusion associated with the repair. The postoperative K-L grade was not worse than the preoperative grade in the group with decreased meniscal extrusion at 1 year after transtibial pullout fixation for MMPRT.
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[^1]: Group A: patients with decreased meniscal extrusion at 1 year after transtibial fixation of a medial meniscus posterior root tear compared with preoperatively, Group B: patients with increased meniscal extrusion at 1 year after transtibial fixation of a medial meniscus posterior root tear compared with preoperatively, BMI: body mass index, TAS: Tegner Activity Scale, TBIS: time period between injury and surgery, K-L: Kellgren-Lawrence, MRD: medial meniscus radial displacement.

[^2]: Group A: patients with decreased meniscal extrusion at 1 year after transtibial fixation of a medial meniscus posterior root tear compared with preoperatively, Group B: patients with increased meniscal extrusion at 1 year after transtibial fixation of a medial meniscus posterior root tear compared with preoperatively, MFC: medial femoral condyle, MTP medial tibial plateau, ICRS: International Cartilage Research Society.

[^3]: Group A: patients with decreased meniscal extrusion at 1 year after transtibial fixation of a medial meniscus posterior root tear compared with preoperatively, Group B: patients with increased meniscal extrusion at 1 year after transtibial fixation of a medial meniscus posterior root tear compared with preoperatively, TAS: Tegner Activity Scale, K-L: Kellgren-Lawrence, MRD: medial meniscus radial displacement.

[^4]: Group A: patients with decreased meniscal extrusion at 1 year after transtibial fixation of a medial meniscus posterior root tear compared with preoperatively, Group B: patients with increased meniscal extrusion at 1 year after transtibial fixation of a medial meniscus posterior root tear compared with preoperatively, TAS: Tegner Activity Scale, K-L: Kellgren-Lawrence, MRD: medial radial displacement.
